Background. Infections increase the risk of ischemic stroke (IS) and may worsen IS prognosis. Adverse effects of in-hospital infections on stroke outcome were also reported. We aimed to study the prevalence of pre-and poststroke infections and their impact on IS outcome. Methods. We analysed clinical data of 2066 IS patients to assess the effect of pre-stroke and post-stroke infections on IS severity, as well as short-term (up to 30 days) and long-term (90 days) outcome. The independent impact of infections on poor outcome (death, death/dependency) was investigated by use of logistic regression analysis. The effect of antibiotic therapy during hospitalization on the outcome was also assessed. Results. Pre-stroke infections independently predicted worse short-term outcome. In-hospital infections were associated with worse short-term and long-term IS prognosis. Antibacterial treatment during hospitalization did not improve patients' outcome. Conclusions. Prevention of infections may improve IS prognosis. The role of antibiotic therapy after IS requires further investigations.
Introduction
Infections preceding the ischemic stroke (IS), as well as infections occurring in the acute phase of IS, are a frequent phenomenon [1, 2] . Chronic infections of both viral and bacterial etiology and coexistent vascular inflammatory state promote atherosclerosis, contributing to an increased cerebrovascular risk [3, 4] . The association of prestroke acute infectious events, in particular, respiratory tract infections, with increased risk of stroke [5] , especially of cardioembolic and atherothrombotic etiology, was reported [2, 6] . Some authors suggest that prestroke infections are related not only to the risk but also to IS severity [7, 8] . On the other hand, stroke severity and lesion location are associated with the risk of in-hospital (post-stroke) infections. For example, patients with brainstem or diffuse cerebral lesions characterize with an increased risk of respiratory tract infection, that frequently results from dysphagia [9, 10] . It seems possible that post-stroke infectious events are favoured by the stroke-induced immunodepression [2] .
The impact of post-stroke infections on IS outcome is the next important issue [11] . Some authors describe an association of post-stroke infections with poor patients' outcome [12] [13] [14] .
According to the presented data, a proper treatment of stroke-related infections may improve patients' outcome. Until now some reports suggest that therapy with antibiotics in the acute phase of stroke (even in patients without the obvious signs of infection) reduces cerebral ischemia and improves the outcome [15, 16] . However, these observations were not confirmed by other studies [17, 18] . Some authors hypothesized that the use of antibiotics or vaccines before stroke onset may improve outcome [19] .
The aims of our study were to investigate the prevalence of prestroke (occurring during 7 days before hospital admission) and post-stroke (in-hospital) infections among IS patients hospitalized in our stroke unit, as well as to analyse the impact of infections on stroke severity and the outcome, in terms of mortality and dependency during 3 months after IS.
Methods
We analyzed the clinical data of patients hospitalized in our department between June 1, 1995 rapidly developed clinical signs of cerebral function disturbance lasting for more than 24 hours, of a vascular origin [20] . Brain imaging (CT, computed tomography or MRI, magnetic resonance imaging) was performed to confirm the diagnosis of IS. Information about stroke risk factors and clinical data was collected according to the modified Stroke Data Bank NINCDS protocol [21] including data on: age and gender, history of hypertension, diabetes, atrial fibrillation, coronary artery disease (CAD), heart failure and stroke, nicotine use during last 5 years, premorbid handicap status (dependency), neurological status on admission, etiology of IS, clinical stroke syndromes, volume of ischemic lesion, as well as infectious events during 7 days before admission, occurrence of pneumonia, and urinary tract infection (UTI) during hospitalization and the use of antibiotics during hospitalization. Baseline neurological status and premorbid functional impairment were evaluated using the Scandinavian Stroke Scale (SSS) (score 0-58) [22] and modified Rankin Scale (mRS) (score 0-5) [23] .
Information about prestroke factors was obtained during direct interview with patients. In case of unconscious, drowsy, or demented patients, their close relatives were interviewed. The information was supported by medical reports, if available. The history of prestroke infection included reported signs of an acute infectious disease (such as cold, fever, cough, or dysuria), medical reports on such a condition, as well as the use of antibacterial, antiviral, or supportive therapy and laboratory findings obtained during preceding 7 days that were typical for an acute infection. In our database information on the type of prestroke infection, as well as on classes of antibiotics used prior to IS, is not collected, thus, we did not analyse such data.
The etiology of IS was determined according to the criteria developed for the Trial of Org 10172 in Acute Stroke Treatment [24] on the basis of results of extra-and intracranial arteries ultrasonography, echocardiography, and electrocardiography. The five categories of IS were isolated according to etiology, that is, (1) large artery atherosclerosis, (2) cardioembolism, (3) small artery occlusion, (4) other determined etiology, and (5) unknown or multiple etiologies. In addition, using clinical criteria of the Oxfordshire Community Stroke Project (OCSP) based on neurological signs and syndromes, subtypes of IS were classified into total anterior circulation infarction (TACI), partial anterior circulation infarction (PACI), lacunar (LACI) and posterior circulation infarction (POCI) [25] .
The diagnosis of pneumonia during hospitalization was established according to the CDC criteria for hospital-acquired pneumonia [26] , on a basis of clinical and laboratory indices of respiratory tract infection (fever, cough, auscultatory changes, purulent tracheal secretions, positive sputum culture), supported by typical chest X-ray findings. The in-hospital UTI was diagnosed on a basis of leukocyturia present in the urine examination and positive urine culture (significant bacteriuria ≥10 5 /mL with isolation of a pathogen), supported by clinical symptoms, such as dysuria, urgency, or fever [26] .
The SSS and mRS assessments were repeated at discharge or (if patient needed longer hospitalization) at the 30th day of hospital stay. The mRS score was also assessed 90 days after stroke.
The short-term (assessed at discharge or at the 30th day of hospital stay) and long-term (assessed 90 days after IS onset) outcomes were analysed. The outcome measurements included (1) mortality; (2) death or dependency (mRS ≥ 3). Poor outcome was defined as death or death/dependency. In case of death within 90 days from the hospital admission, the date and reason were registered. The following causes of death were registered in the studied group: neurological complications (IS or recurrent stroke), cardiogenic reasons or pulmonary embolus, infectious complications, and others, not related to stroke.
Statistical Analysis.
The groups of patients with or without the history of prestroke infection were compared in terms of prevalence of IS risk factors, premorbid handicap level (mRS), baseline clinical characteristics (IS etiology according to the TOAST criteria, clinical syndromes determined by the OCSP criteria, neurological status determined by the SSS score, body temperature recorded during first 24 hours, and 7 days mean body temperature). The groups of patients were also compared for stroke recurrence during hospitalization, for 30-day neurological status, as well as for short-term and long-term outcome. Similar comparisons was made between the groups of patients, in whom pneumonia or UTI were diagnosed after IS, and without any concomitant (prestroke) infection.
The impact of prestroke and post-stroke infections on the short-term and long-term outcome (in terms of death and death/dependency) was investigated.
Categorical variables were compared by the use of Pearson χ 2 test. The normality of continuous variables was determined by the Kolmogorow-Smirnov test. Normally distributed continuous variables were compared using the Student's t-test, and continuous variables with not normal distribution were compared with the Mann-Whitney U test.
The mRS and SSS were evaluated by the χ 2 test, after dichotomizing the scales into categories: 0-2 and 3-5 points for the mRS, 0-25 and 26-58 points for the SSS, as it was accepted in previous studies [27, 28] .
For the outcome measures (short-and long-term death and death/dependency) we did the Pearson χ 2 tests to evaluate differences between analysed groups. The logistic regression was used to assess a predictive value of prestroke and post-stroke infections for the outcome. Logistic regression analyses were performed, with adjustment for baseline and clinical variables. Variables that were significantly associated with a given outcome in univariate analysis were further included in the multivariate models. The odds ratios with 95% confidence intervals were used to estimate the magnitude of each factor effect.
Results were thought statistically significant when the P value was lower than .05. Statistical analyses were performed using SPSS for Windows software, version 13.
Results
Among 1950 patients for whom the necessary data was available, 111 (5.7%) had a history of an acute infection during 7 days before hospital admission.
Patients who suffered from an infectious disease prior to IS onset were characterized by older age, higher prevalence of heart failure, as well as by worse neurological status on hospital admission ( Table 1 ). The prestroke infection was not related to the type of IS according to the TOAST criteria, nor to the volume of brain ischemic lesion. Patients with infection preceding stroke onset were characterized by poorer short-and long-term outcome in terms of death as well as of death/dependency, compared with those without infection ( Table 1). 30.6% versus 15.3% of patients with versus without prestroke infection, respectively, died during 30 days after stroke onset; the percentage of patients with/without prestroke infection who died within 90 days was 41.1%/25.2%, respectively. The poor short-term outcome in terms of death/dependency was noticed in 68.5% of patients with and in 52.9% of patients without prestroke infection; the poor long-term outcome was observed in 61.4% of patients with infection and in 49.1% of patients without prestroke infection (Table 1) .
Among individuals with prestroke infection who died during the first 30 days the cardiogenic cause of death was diagnosed more frequently than in patients without infection (36.7% and 19.1%, resp.; P = .033).
Logistic regression analysis revealed that the history of prestroke infection was an independent predictor of poor short-term outcome in terms of death and of death/dependency (Table 3) ; the prestroke infection was not a significant predictor of long-term outcome.
We observed a higher frequency of in-hospital infections (pneumonia or UTI) in patients, who suffered from any infection during 7 days prior to hospital admission, compared to the group without prestroke infection (58.6% versus 33.7%, resp.); P < .001. About 81% of patients with any prestroke infection developed in-hospital pneumonia.
During hospitalization, nosocomial pneumonia was diagnosed in 403 (19.5% of 2066) patients and UTI in 482 Patients with in-hospital infection (pneumonia or UTI, n = 619) were characterized by older age, higher percentage of females, more frequent history of stroke, atrial fibrillation, heart failure, CAD and diabetes, than patients without diagnosed infection ( Table 2 ). The post-stroke pneumonia or UTI developed in patients that were characterized by worse premorbid functional status and by worse neurological status on admission. The in-hospital infections occurred more frequently in patients presenting with TACI and with ischemic lesions occupying at least one lobe of the brain (Table 2) .
In-hospital pneumonia more frequently developed among patients with dysphagia (92; 86.8% of 106 patients), than in those without swallowing difficulties (267; 48.2% of 554 patients); (P < .001).
In patients with in-hospital infection (pneumonia or UTI) the cardioembolic etiology of stroke was diagnosed more often; lacunar strokes were diagnosed less frequently, compared to patients without an infection ( Table 2) .
The in-hospital infection was associated with a worse neurological status assessed at hospital discharge/30 days after admission; it was also related to worse shortterm and long-term outcome in terms of death and of death/dependency (Table 2) .
We observed no influence of in-hospital infections on the prevalence of recurrent stroke during the hospitalization.
The regression analysis was performed to assess the impact of pneumonia, UTI, or of both coexisting conditions, on patients' outcome (Tables 4 and 5 ). The in-hospital pneumonia was independently associated with the risk of poor short-term and long-term outcome. The in-hospital UTI was independently associated with poor short-and Neurology Research International 5 long-term outcome in terms of death/dependency; however it was surprisingly associated with lower short-term mortality. Patients with coexistent pneumonia and UTI had an increased risk of poor short-and long-term outcomes in terms of death and of death/dependency (Tables 4 and 5 ). The mean body temperature recorded during the first 24 hours after admission was significantly higher in the group of patients suffering from an acute infection in the preceding week ( Table 1 ). The body temperature at the first day after admission was significantly higher in patients with TACI, than in patients with other clinical syndromes (36.8
• C ± 0.6 versus 36.7
• C ± 0.4, resp.; P < .001); the same was noticed when the mean body temperature in the first 7 days after hospital admission was compared between patients' groups with TACI or with other clinical syndromes (37.1
• C ± 0.4 versus 36.8
• C ± 0.3, resp.; P < .001). In the regression analysis, increased temperature at the first day of hospital stay was a predictor of increased risk of death during 30 days in the group of patients with pneumonia and UTI coexisting; it was also a predictor of higher risk of short-term death/dependency in all groups of patients analysed (with pneumonia, UTI or with both infections) ( Table 4 ).
The increased mean week body temperature was an independent predictor of poor short-term and long-term outcomes in all groups of patients analysed (Tables 4 and 5 ).
In 365 (91.0%) patients with in-hospital pneumonia antibiotics were used during hospitalization. In this group of patients, antibacterial therapy had no significant impact on prognosis during the follow-up period. Among patients with UTI, 391 (81.8%) were treated with antibiotics. In this group, antibacterial therapy was related to poor 30-day outcome (in terms of death/dependency) that was noticed in 75.5% of the treated compared to 61.2% of not treated patients (P = .029).
Among 343 patients (16.6% of 2066), who died within the 30-day period, 83 (28.4%) died due to infective complications such as pneumonia or sepsis. The other causes of death were neurological, cardiogenic or unrelated to stroke. The presence of in-hospital pneumonia, or UTI was not related to death etiology. Patients with coexisting pneumonia and UTI more frequently died because of infectious complications, and less often because of neurological complications, than those without these infections. The treatment with antibiotics did not determine the cause of death in patients with pneumonia, with UTI, as well as with both conditions.
Discussion
We provide evidence that prestroke and post-stroke infections are independent predictors of poor IS outcome. This finding is consistent with other reports, which demonstrated the unfavourable impact of nosocomial infections, especially pneumonia, on short-term [13] and long-term stroke outcome [14, 29] . In our study the prestroke infection had an adverse effect on early outcome, with no effect on longterm prognosis, while the unfavourable effect of in-hospital infections (especially of pneumonia and UTI coexisting) was observed up to 90 days after the IS.
Some authors revealed that an association exists between prestroke respiratory infections and atherothrombotic and cardioembolic etiology of IS, as well as with more severe neurological deficit [30] . In the current study we confirmed an unfavourable effect of prestroke infections on neurological impairment; however, we did not confirm a relationship between prestroke infection and IS etiology.
The association of infarct volume with in-hospital infections, particularly the respiratory tract infection, has been previously described [31] . In the current study we have observed a similar relationship: patients with in-hospital pneumonia or UTI were characterized by more diffuse ischemic lesions (occupying at least one lobe or TACI). The relationship between lesion location and respiratory tract infection was also noticed: pneumonia occured more frequently in patients with dysphagia caused by brainstem or diffuse hemispheric stroke, as it was observed by previous authors [9, 10] .
It was evidenced that high body temperature during first 24 hours after stroke onset is associated with large brain damage [32] . In our population increased body temperature during the first 7 days of hospital stay was associated with TACI and diffuse ischemic lesions. The increased body temperature during the first week of hospitalization was independently related to worse short-term and long-term outcome, even after adjustment for in-hospital infection. These findings lead to the conclusion that increased body temperature during the acute phase of IS should be reduced as soon as possible, in order to improve patients' prognosis.
It seems interesting that, in the analysed group of IS patients, the highest risk of developing pneumonia or UTI during hospitalization was noticed in older females as well as in patients with coexisting cardiovascular risk factors like atrial fibrillation, heart failure, CAD, and diabetes, as well as in those with a history of prestroke infection. It suggests that such patients require a particularly careful prevention and early detection of infectious diseases.
When analysing the antibacterial treatment in the studied population, our results are not optimistic. The therapy with antibiotics during hospitalization in patients with pneumonia had no significant impact on the outcome. In the group of patients with UTI, an unfavourable effect of antibacterial treatment on short-term outcome (death/dependency) was observed. It seems surprising; however, it may be probably partially explained by the fact that UTI occurs often in patients catheterised, so in a worse global condition. The lack of favourable effect of antibacterial therapy on IS outcome indicates that prophylaxis of nosocomial pneumonia or UTI is important, as it may improve patients' outcome.
We acknowledge that our study has several limitations. First, we did not analyse the pre-and post-stroke antibacterial therapy in detail (including the type of antibiotics, dose, and duration of treatment, as well as the time of implementation of antibiotics after IS onset). When considering post-stroke antibacterial treatment, typically, in our department, in patients with symptoms of pneumonia the antibiotics of wide therapeutical spectrum are used and then, after detection of the pathogen, specific classes of antibiotics are implemented. However, it could not be excluded that some patients might have pneumonia of the viral etiology, but because of their poor condition they were also treated with antibiotics. It might potentially influence our findings concerning the effects of antibacterial therapy.
Furthermore, when analyzing the impact of prestroke infections on the outcome, we focused on acute infection symptoms present during the 7 days before stroke onset. It is obvious that infections potentially related to stroke can occur up to several weeks prior to stroke onset; however, the major effect on stroke risk seems to have infections occuring during the preceding week [33] .
Conclusions
Pre-and post-stroke infections, particularly those occurring during hospitalization, are associated with a worse IS prognosis. The increase of body temperature during first 7 days after IS, even in patients without detected infection, has an adverse impact on their short-term and long-term outcome. The treatment with antibiotics during hospitalization in IS patients has no evident beneficial effect; this issue should be further investigated. The importance of prevention of pneumonia and UTI in patients with IS should be emphasized.
